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1. Why develop a fast model?

Retrievals of atmospheric temperature and humidity profiles from satellite microwave radiometers require a background value of surface emissivity.  Like models of sea surface emissivity, many radiative transfer models for land surfaces are computationally expensive, because they include scattering terms.  Given the large amount of data and real-time operation, a fast emissivity model is required to represent the emisisivity of both land and sea surfaces.

However, an additional problem needs to be addressed when deriving a fast  model for land surfaces.  Accurate radiative transfer modelling requires a large number of input parameters which are not readily observable from space (e.g. spectral roughness or water content of vegetation).

For these reasons it is desirable to develop a  simplified fast model, which can be empirically tuned to fit  the observed data.  Such a model should be capable of representing a many land surfaces over a broad range of frequency and, for cross-track scanning instruments, angles and polarisations.

2. Empirical models

In its simplest form, a fast model can represent the emissivity of all land surfaces at all frequencies by a constant value e.g. e=0.95.  Although this is clearly a gross over-simplification, it was used for some time for MSU [English, 1998], which only has four channels between 50-60GHz.  This scheme will obviously produce large errors in retrievals where the emissivity is very different from this constant value (e.g. snow-covered land).

Therefore, we need to provide parameters for different surfaces.  Also, in general, the frequency dependence of the various processes occurring at the surface needs to be represented, especially for surfaces with a large component of water, which has a high dielectric constant decreasing across the microwave band, or those where scattering is the dominant process, as this is also frequency dependent.

Grody [1988] proposed an empirical model to cover the emissivity of 7 surface types between 20-50GHz, with the form:

en(() = an + bn.log((),

where an and bn  are parameters fitted empirically for various surfaces.

Grody went on to extend the application of his model to frequencies between 10-90GHz, by including two additional parameters, with the form:
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where the parameters e0,  e(,  (0 , and k are fitted empirically to aircraft and ground-based observations. e0   and e(  represent the emissivity at zero and infinite frequencies, (0 is the transition frequency and k is the rate of transition.

However, non-monotonic emissivity spectra observed in dry snow or fast ice cannot be represented without additional terms.  Neither can it be applied to arbitrary view angles or polarisations.

3. A Semi-empirical model

To address the shortcomings of earlier models, a new form has been proposed [Hewison and English, 1999].  This is a semi-empirical model uses Fresnel’s formulae to calculate the specular reflectivity of a dielectric surface, whose permittivity can be described by a single Debye relaxation, neglecting the ionic conductivity term, as this is negligible for frequencies above 20GHz.
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where (((( is the effective permittivity at frequency, (, (s is the static permittivity, (( is the permittivity at infinite frequency, and (r is the relaxation frequency.

Surface (Bragg) scattering by small scale features is represented by modifying the specular reflectivity, (sp, by an empirical roughness factor [Choudhury, 1979]:



,

where ( is the r.m.s. surface roughness, measured on a scale appropriate for the frequency, (, c is the speed of light and ( is the view angle.  In practice, the roughness must be fitted to the observed emissivity spectra.  e.g. The value of ((0.2mm was found to fit the behaviour of  frozen soil, which is clearly not a realistic r.m.s. roughness.  This parameter does, however, allow the non-monotonic emissivity spectra of dry snow to be represented.

It was found necessary to include an additional parameter in the model to represent depolarisation of radiation by the above processes, and to fit the airborne observations that the specular reflectivities calculated from Fresnel’s formula considerably overestimate the difference between polarisations.  This parameter, Q, is simply fitted to the observed data and can take any value from 0.0 for a perfectly specular reflector to 0.5 for a perfectly Lambertian surface.
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where ep is the emissivity in polarisation, p, (p is the reflectivity in polarisation p, and (q is the reflectivity in the orthogonal polarisation.

Extinction by vegetation, volume scattering and surface scattering by large scale features is not explicitly modelled.  Because of this, the estimation of permittivity coefficients will not be equivalent to the actual permittivity of the surface materials.

Advantages/Disadvantages

The use of the Debye/Fresnel formulae provide a convenient mathematical framework, which allows us to create a realistic and constrained functional forms of the spectral dependency of emissivity, whilst its flexibility does not preclude the use of physical formulation. It follows the same form as the fast emissivity model for the sea surface, which greatly simplifies the representation of emissivity in retrieval and data assimilation methods.

However, this model is somewhat more computationally expensive, and requires more  parameters (5) compared  to previous empirical models.

4. Fitting Model parameters

All empirical or semi-empirical models require parameters to be fitted to match observations or the results of an accurate, physical model.  In the absence of  a comprehensive model including the physics of all processes affecting surface emissivity, the fast model’s parameters can only be fitted to observed data.

Using satellite data to fit model parameters introduces the problem of correcting for atmospheric absorption on the measured radiances, as upwelling and downwelling values at the surface are required to calculate the emissivity accurately.  Ground-based data has also been used to fit model parameters, but data from field experiments is not necessarily representative of more extensive surface types measured on a larger scale.  Aircraft data can overcome both these difficulties, but is expensive to acquire, especially to measure time variable conditions.

5. Future Refinements to the Semi-Empirical Fast Emissivity Model

Coefficients have been calculated from airborne observations of various forms of sea-ice and land surfaces in both snow-covered and snow-free conditions.  With more extensive datasets, it should be possible to extend the model to better represent vegetated surfaces and the influence of variable soil moisture at the surface.

Soil may be modelled as a dielectric mix of soil particles, air and water.  If the ratios and permittivity of each component is known, the combined effective permittivity may be calculated.  It may also be possible to parameterise the static permittivity, (s, in terms of the soil moisture, or some observable variable that depends on it.

Vegetation may be approximated as a fractional coverage of an optically thick medium over a bare soil surface.  An extra parameter could be added to the model to represent vegetation, which could be estimated from an observable quantity, e.g. NDVI for satellite data.
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